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抗淹水能力。从孟加拉国引种的无瓣海桑 (Sonneratia apetala) 具有较耐低温、
高适应性和生长迅速等特点；并具有一定的淹水适应能力。 
本研究运用人工增温-潮汐淹水装置，模拟未来 100 年平均气温升高 2 ℃、








增温对秋茄幼苗阶段 (<1 年) 的生长产生抑制；随着苗龄增加，增温对生长的抑
制作用逐渐消失；在处理的第 3 年增温对基径增长的促进作用。对于无瓣海桑而
言，增温对 1 年龄幼苗生长有显著促进作用；但在处理的第 2 年，增温反而抑制
无瓣海桑的生长和生物量。 
3. 增温改变秋茄的物候期，使落花时间提前、落花量增加。 



































































Mangroves ecosystems distribute along the coastline in tropical and subtropical 
regions. They are facing the extreme conditions of global climate change, including 
air warming and sea-level rise, etc. Kandelia obovata, the most cold-resistant species 
in China, which commonly distributes at the middle and high intertidal zones. After 
introduced from Bangladesh into China, Sonneratia apetala grew fast due to high 
environmental adaptability. 
We set up a set of mesocosm manipulated experiments with air-warming and sea 
level rising conditions by simulated tidal systems in greenhouse to mimick the 2 ºC 
warming and 30 cm rised of sea level (the tidal-inundation period was prolonged from 
2 h to 6 h in every tide cycle) of global climate change after 100 years. We aimed to 
investigate the effects of warming and sea level rise on the growth and 
ecophysiological traits of K. obovata and S. apetala saplings.The results could be 
summarized as follows: 
1. The sensitivity of both K. obovata and S. apetala saplings to warming had 
significantly seasonal variations. For both species, warming (+2 ºC) inhibited the 
photosynthetic rates (A) of mature leaves in summer and promoted A in winter 
respectively, which resulted in significantly higher relative growth rate (RGR) in 
summer than in winter. However, the photosynthetic rates, tree height increment and 
relative growth rate (RGR) of S. apetala were higher in summer compared to K.  
obovata. 
2. The responses of K. obovata and S. apetala saplings to warming were 
significantly varied with age of saplings, but the adapting patterns of them were in 
reverse. Warming significantly inhibited the growth of K. obovata seedlings when 
their age was lower than 1 year. While after the seedlings glowed up, this inhibition 
gradually declined and somehow promoting the increment of basal stem diameter in 
the third-year treatment. As for S. apetala, warming contributed the increase of basal 
















while the growth decreased in the second-year.  
 3. Warming significantly altered plant phenology of K. obovata, resulting in 
earlier flowering and flower fallen. 
4. The influence of prolonging tidal inundation period on growth of both species 
only occurred in seedlingstage (age < 1year). Prolonging tidal inundation period 
accelerated the growth of tree height of one-year K. obovata seedling, which might 
alleviate anaerobic stress to the stems and leaves. However, the growth and 
photosynthetic responses of both species had not significantly changes in different 
tidal inundation period after the saplings growed. 
5. Significant synergistic effects of warming and sea level rise on the growth and 
photosynthetic traits of two species were found in precent experiment. Root biomass 
and photosynthetic rates of K. obovatawere promoted under warming and sea level 
rising conditions. In winter, when warming treatments occurred, sea level rising 
worked as a heat protection medium, and alleviated the cold damage on the seedlings 
growth of basal stem diameter of S. apetala. This effect was restrained by the 
interaction of warming and sea level rising in summer. 
In conclusion, when undergoing global warming over the next 100 years, the 
north limits of K. obovata range will move northward at some extend. However, in 
tropical area of low latitude the higher air temperature in summer may act as a key 
limitation to the growth of K. obovata. Hosting a better tolerance to high temperature 
in summer, S. apetala would accelerate the growth even in warming condition. Thus, 
S. apetala can effectively adapt to global warming, which can expand to northward 
and even grow in low latitude areas. Due to the synergistic effects of warming and 
sea-level rise, K. obovata cannot maintain growth in high intertidal zone at lower 
latitude in future.However, owing to the synergistic effects of warming and sea-level 
rise with seasonal variation, the distribution of S. apetala in intertidal zone in future is 
uncertain. 
 

























导致全球气温不断升高。根据 CMIP5 气候模型，未来全球平均气温将以每 10 年
增加 0.13±0.03 ℃的趋势上升，预计 100 年后将上升 2 ℃[7]。2015 年巴黎气候大
会指出：到本世纪末，把全球平均气温升高控制在 2 ℃之内 (较工业化前) ，并
为把升温控制在 1.5 ℃之内而努力。温度与生物的生长、发育、地理分布、温周
期及干物质积累等密切相关[8]。红树植物大多数为嗜热种，对温度敏感性较高。





IPCC (2013) 报道中，1901 年至 2010 年，全球海平面平均以 1.7 mm·yr-1 的速度
上升，平均上升了 0.19 m。预计 2081 年至 2100 年全球海平面将平均以 3.1±0.7 
mm·yr-1 的速度上升，上升 0.26~0.82 m。受局域气候的影响，全球不同地区，海
平面上升幅度可能存在较大差异。根据 2015 年《中国海平面公报》，1980 年至



















图 1.1 CMIP5 多模型场景 RCP2.6 和 RCP8.5 中 2081~2100 年年平均地表温
度变化地图 (图片来源[7]) 
注：图中绿色实线为红树林分布区域[9]。 
Fig1.1 Maps of CMIP5 multi-model mean results for the scenarios RCP2.6 
and RCP8.5 in 2081~2100 of annual mean surface temperature change (Image 
from[7]) 





137,760 km2，分布在 118 个国家或地区[9]。其中，亚洲占有全球最大的红树林面




东、广西、福建、香港、澳门和台湾[13]。20 世纪 50 年代开展的红树林北移工程
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